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REMARKS 

Status of the claims 

Claims 1-18 are pending in the present application. Claims 1- 
7 and 10-14 are withdrawn per the Restriction Requirement issued on 
September 21, 2004. Claims 8, 9 and 15 are amended herein. Claims 
16-18 are newly added. Support for the amendments to claims 8 and 
15 and for new claims 16-18 may be found on pages 20 and 21 of the 
specification. No new matter has been added with these amendments 
or new claims. 

Objections to the specification 

The Examiner objects to several formal issues with the 
specification. The specification has been amended, as indicated 
above, to address these issues. No new matter has been introduced 
with the amendments. In addition, as one objection, the Examiner 
indicates that there are sequences disclosed in Figures 1-12 that 
do not contain sequence identifiers. The Examiner's attention is 
directed to the Preliminary Amendment submitted to the USPTO on 
March 1, 2002, in which the figure descriptions beginning at page 
12, line 15 of the specification were amended to insert sequence 
identifiers . 
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Priority Claim under 35 U.S.C.§120 

The Examiner advises in Item 4, page 4 of the Office Action 
that the Applicant has not complied with the requirements for a 
claim to priority under 35 U.S.C. §120 because the specification 
has not been amended to reference the priority application ( s ) . 
Applicants note that specification was appropriately amended 
through an amendment on the filing transmittal when the application 
was filed on February 28, 2002. 

Objections to the claims 

Claim 9 has been objected to for reciting "an" instead of 
"the." Claim 9 has been amended to address this issue. 

Rejections under 35 U.S.C. §112, 1 st paragraph 

Claims 8, 9 and 15 have been rejected under 35 U.S.C. §112, 1 st 
paragraph for lacking enablement and written description. The 
Examiner asserts that the specification enables/describes treating 
GVHD with antagonists that are Fas-derived antagonists and anti-Fas 
antibodies or anti-Fas ligand antibodies. The Examiner asserts 
that the specification does not provide adequate enablement for the 
following : 

i) antisense oligonucleotides for mRNA or Fas/Fas ligand genes 
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ii) a substance that interacts with the intracellular domain 
of Fas; or 

iii) an ICE inhibitor. 

The Examiner further asserts that the specification fails to 
provide adequate written description of ii) a substance that 
interacts with the intracellular domain of Fas; and iii) an ICE 
inhibitor . 

The claims have been amended to define the antagonist as Fas 
antagonist "providing activity to interact with the extracellular 
domain of the Fas ligand or the extracellular domain of Fas, an 
antisense oligonucleotide of Fas or an antisense oligonucleotide of 
Fas Uganda Thus, rejection for lack of written description is 
moot. In addition, the rejection for lack of enablement with 
regard to a substance that interacts with the intracellular domain 
of Fas and with regard to an ICE inhibitor is moot. 

Applicants traverse the rejection with regard to an asserted 
lack of enablement for antisense oligonucleotides and withdrawal 
thereof is respectfully. The Examiner has rejected the claims for 
lacking enablement, but not for lacking written description, for 
antisense oligonucleotides. In support of rejection for lack of 
enablement, the Examiner relies on several articles dating from 
1995, roughly one year prior to the earliest priority date of the 

26 



Appl. No. 10/084,139 

application, for showing the difficulties with gene therapy at that 
time . 

However, at the time of the invention, i.e. October of 1996, 
the use of antisense oligonucleotides as an in vivo therapeutic 
agent was well-know to those of ordinary skill in the art. 
Attached hereto are three references (Refs. 1-3) which exemplify 
the use of antisense oligonucleotides as a therapeutic agent. The 
references evidence that administration methods for gene therapy 
were already well-known at the time of the invention. As such, it 
was not necessary for the enablement of the invention for the 
Applicants to include a detailed description in the specification 
of how to use anti-sense oligonucleotides. 

Applicants further note that the prophylactic or therapeutic 
method of treating graft versus host disease (GVHD) of the present 
invention using Fas or Fas ligand antisense oligonucleotides as an 
active component is not directed to a general method of gene 
therapy, but rather for a method of using Fas or Fas ligand 
antisense oligonucleotides as an active component in a patient who 
needs the therapy. An example of a sequence of Fas antisense 
nucleotides that may be used as the active component was described 
in W095/13293 before the filing date of the present application. 
See page 30, lines 18-24 of the specification. 
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Reference 1, Nature Medicine (1997, August) Vol. 3, page 900, 
discloses an experimental model with mouse heart transplant, 
wherein antisense phosphorothioate oligonucleotides were 
administered and in which the expression of cdk2 mRNA was inhibited 
along with neointimal formation and VCAM-1 expression. See Table 1 
of Reference 1. Reference 1 further teaches methods of 
administration using incorporation into liposomes. 

Reference 2, PNAS (1996, October) Vol. 93, page 11421, 
discloses the use of viral liposomes in gene therapy. 
Specifically, Reference 2 describes that the use of HVJ-liposomes 
enabled the in vivo transfer to each organ. See Table 1 of 
Reference 2. 

Reference 3, BMJ (1997, January) Vol. 314, page 126, pertains 
to the pharmaceutical application of molecular genetics. 
Specifically, in the section entitled "Inhibiting gene expression 
may also be therapeutic" of Reference 3, the pharmaceutical 
application of antisense olignucleotides is described. For 
example, Reference 3 describes that f ibrocellular intimal 
hyperplasia underlying restenosis of antheromatous vessels is 
blocked by c-myb antisense. 
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Thus, contrary to the assertion of the Examiner, the present 
invention is fully enabled for the use of antisense 1 
oligonucleotides as recited in the claims . Withdrawal of the 
rejection is, therefore, respectfully requested. 

Rejections for under 35 U.S.C. §102 

The claims have been rejected under 35 U.S.C. §102 as being 
anticipated by Palmer et al. U.S. 5,776, 718; Du et al. BBRC 
226:595-600 (September 24, 1996); or Braun et al. J. Exp. Med. 
183:657-661 (February 1996). 

Palmer et al. is relied on for teaching ICE inhibitors for 
treating GVHD. The claims no longer encompass the use of ICE 
inhibitors. As such, withdrawal of the rejection is respectfully 
requested . 

Du et al. is relied on for teaching that a hammerhead ribozyme 
targets both Fas-ligand and perforin mRNA and can be used for used 
for treating GVHD. Thus, the hammerhead ribozyme is asserted to be 
a Fas antagonist of the claims. The claims no longer encompass the 
use of intracellular antagonists that interact with Fas ligand. As 
such, withdrawal of the rejection is respectfully requested. 
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Braun et al. is relied on for disclosing experiments using a 
mouse GVHD model in which donor cells from Fas-L deficient mice 
delayed the onset of GVHD, Braun et al. is further asserted to 
teach the development of therapeutic strategies aimed at 
controlling Fas-mediated apoptosis for decreasing the risk of GVHD. 

The present invention is specifically directed to a method of 
treating graft versus host disease (GVHD) which comprises 
administering an effective amount of a Fas antagonist which 
interacts with the extracellular domain of the Fas ligand or the 
extracellular domain of Fas, or with an antisense oligonucleotide 
of Fas or an antisense oligonucleotide of Fas ligand. While Braun 
et al. may suggest a role of Fas in GVHD, the reference fails to 
disclose the specific claimed features of the invention. As such, 
the method of the invention is not anticipated by Braun et al. 

Rejections under 35 U.S.C.§103 - obviousness 

The claims have been rejected as being obvious over Palmer et 
al., Du et al. and Braun et al. combined with Lynch et al. Lynch 
et al. is relied on for teaching anti-Fas antibodies that inhibit 
Fas ligand mediated apoptosis. The Examiner asserts that it would 
have been obvious to use the antibodies to treat GVHD because 
Palmer et al . , Du et al. and Braun et al . teach the involvement of 
Fas-mediated apoptosis in GVHD. 
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The rejections over either of Palmer et al. or Du et al. 
combined with Lynch et al. are overcome with the amendments to the 
claims to the use of extracellular antagonists or antisense 
oligonucleotides . 

Applicants traverse the rejection over Braun et al. combined 
with Lynch et al. for obviousness. As described in the 
specification on page 7, line 10 through page 9, line 12, the 
involvement of Fas-mediated apoptosis in GVHD and the possibility 
that a substance that specifically suppresses Fas-mediated 
apoptosis would be useful as a drug for treating GVHD had not been 
determined at the time when the application was filed. 

In addition, there were multiple reports that contradict the 
reported findings relied upon by the Examiner, including the 
findings reported by Braun et al. Thus, it was not known at the 
time of the invention whether treating GVHD by targeting the 
Fas/FasL pathway should be by increasing Fas/FasL-mediated 
apoptosis or by inhibiting Fas/FasL-mediated apoptosis. 

For example, attached hereto are relevant contemporaneous 
references (References 4 and 5) in the field of the invention. WO 
95/32627 (WO '627, Ref. 4) discloses the use of Fas ligand to 
suppress lymphocyte-mediated immune responses. In particular, WO 
x 627 discloses pharmaceutical compositions comprising Fas ligand 
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for treating transplant rejection. Transplant rejection is 
synonymous with graft versus host disease as recited in the present 
claims. Example 7 of WO '627 pertains to a test of whether the 
absence of a functional Fas ligand molecule prohibits testicular 
Sertoli cells from providing their immunosuppressive function. 

The inventors of WO '627 report that the findings of Example 7 
establish a role of Fas ligand in immunosuppression and further 
show that the presence of a functional Fas ligand gene protects 
transplanted testicular tissue from graft tissue rejection. 

The role of Fas ligand in transplant rejection was further 
confirmed by the inventors of WO '627 in Example 8, which 
demonstrated that Fas ligand was an effective immunosuppressive 
factor, which is responsible for the immunosuppressive effect of 
testicular Sertoli cells. See page 29, lines 8-12 and page 30, 
lines 19-22. WO '672 further shows in Table 1 that transplantation 
to a mouse under conditions where Fas ligand is non-functional, 
results in a high rejection rate. 

Thus, from the evidence and findings in WO '627 one skilled in 
the art would conclude that Fas/FasL-mediated apoptosis should be 
increased to treat GVHD, which is quite the opposite to the 
invention . 

Takeda et al . , Japanese Journal of Transplantation, extra 
edition featuring the general meeting of the Society for 
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Transplantation, vol. 31, page 180 (1996) (Ref. 5) teaches that Fas 
ligand has a protective effect against transplant rejection. The 
experiments of Takeda et al. show that donor mice, which have or do 
not have Fas ligand, respectively, when used with recipient mice 
which have or do not have Fas, respectively, have a high survival 
rate in the combination of donor mice having Fas ligand and 
recipient mice having Fas. From these findings it is presumed that 
the Fas/Fas ligand interaction acts to suppress the transplant 
rejection, i.e. the complete contrary finding to the invention and 
the suggested conclusion of Braun et al . 

WO ^627 and Takeda et al. were both available prior to the 
present application being filed. As such, one skilled in the art 
would have predicted the exact opposite of the invention. Based 
on the findings WO *627 and Takeda et al. one skilled in the art 
would have predicted that inhibiting the Fas ligand would not be 
useful in the treatment or prophylaxis of GVHD. 

As discussed above, Braun et al. fails to disclose the 
specifically claimed method of the invention. Given the 
unpredictability in the field at the time of the invention, the 
present invention is further not obvious over Braun et al . Lynch 
et al. fails to make of the deficiencies of Braun et al. Lynch et 
al. merely teaches anti-Fas antibodies that inhibit Fas ligand 
mediated apoptosis. Thus, Lynch et al. fails to resolve the 
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unpredictability and controversy in the field at the time of the 
invention. As such, the present invention is not obvious over 



Braun et al. when considered alone or in combination with Lynch et 
al. Withdrawal of the rejection and allowance of the claims are 
therefore respectfully requested. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact MaryAnne Armstrong, PhD (Reg. No. 40,069) at 
the telephone number of the undersigned below, to conduct an 
interview in an effort to expedite prosecution in connection with 
the present application. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 



By TV}/£^x_- 

MaryAnne Armstrong #40,069 



MAA/csm 
1110-0307P 

Attachments: References 1-5 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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Graft coronary arteriosclerosis, which limits tthe long-term sur- 
vival of allograft recipients, is characterized by diffuse Intimal 
thickening composed of proliferative smooth muscle cells". We 
observed that messenger RNA of the cell cyde regulatory en- 
zyme cy din-dependent kinase (cdk) 2 kinase, which med Sates 
smooth muscle cel. proliferation, was elevated fn the thickened 
Intlma of coronary arteries of murine heterotopic cardiac alDo- 
grafts. We studied the effects of antisense phosphorothloate 
oligodeoxynudeotide (ODN) against this enzyme using gene 
transfer mediated by a hem agglutinating virus of Japan 
(HVJ)-8Iposome complex intraluminally delivered to flnhlbltt the 
intimal hyperplasia* At 30 days after transplantation, antisense 
cdk2 kinase ODN treatment had dramatically inhabited neolnti- 
mal formation on the allografts. Expression of vascular celD ad- 
hesion tmolecule-1 was also suppressed by antisense cdk2 
kinase. However, these effects were not observed In the sense 
or scrambled ODN-treated allografts. Thus, an Intraluminal! ad- 
ministration of antisense ODN directed to a specific cell cyde 
regulatory gene can Inhibit neointimal formation after cardiac 
transplantation. 

Caxdiac transplantation as a treatment for end-stage cardiac 
diseases often results in accelerated graft coronary disease in 
long-term survivors'. Graft coronary arteriopathy, which is rec- 
ognized as chronic rejection, can be detected in the majority of 
cardiac recipients within a few years following cardiac trans- 
plantation*. This arteriopathy is pathologically characterized 
by diffuse intimal thickening comprised of phenotypically 
modulated vascular smooth muscle cells'. Neointimal. hyper- 
plasia after cardiac transplantation results from vascular 
smooth muscle cell migration and proliferation, and many 
growth factors mediate neointimal formation by activating 
cell-cycle progression 4 . 

Several therapeutic trials have been performed in search of 
methods to prevent and treat arteriopathy, without significant 
success. The effects of calcium antagonists in humans were re- 
ported, but the results were clinically inconclusive*. Systemic ad- 
ministration of antibodies to the adhesion molecules CD28 and 
CD40 (ref. 6), or the angiotensin D receptor antagonist 7 have 
been reported in experimental models; however the clinical 
utility of these methods has remained uncertain. Focused allo- 
graft treatment without systemic therapy is desirable to prevent 
systemic side effects. 

It is now clear that cell growth and proliferation are dependent 



on the coordinated actions of cell cyde regulatory genes. Hecer 
reports that the transcription factor E2F forms a complex wit 
cydin A and cyclln-dependent kinase (cdk) 2 kinase reveal thi 
activation and phosphorylation of these cell cyde regulator 
genes are critical to the process of cell growth and proliferation 
The enzyme cdk2 kinase plays an important role in cell trans 
tion through the G^-S phase, whereas cell division cycle- (cdc) 
kinase is important in transition through the G 2 -M phase 
Recent progress in the regulation of cell-cyde progression has rt 
lnforced the importance of the Gr-S phase In the process of ce 
proliferation w . Morishita etal. reported that intimal hyperplasl 
after vascular balloon Injury was inhibited by antisense cdk2 k 
nase u or antisense cdc2 kinase and proliferating<e]l nucle; 
antigen (PCNA) ollgodeoxynucleotides (ODNs)" using th 
hemagglutinating virus of Japan (HYJ)-llposonie method 1 
However, the role of these cell cycle regulatory genes in th 
pathophysiology of graft coronary axteriosderosis has not bee 
Investigated. 

We hypothesized that cdk2 kinase plays a critical role in gra 
coronary arteriopathy. This hypothesis was tested in a nrnris 
model of heterotopic heart transplantation using BALB/c (H-2 
donors and C3H/He (H-2*) recipients. All redpients received n 
traperitoneal administration of PK506 (0.1 mg/kg) daily, becaui 
allografts are acutely rejected within 10 days without adminlstr; 
tion of immunosuppressants. Mice were killed at days 14, 30 an 
60 after transplantation for immunohistological and molecul; 
biological studies of the grafted hearts* 

In situ reverse transcriptase polymerase chain reaction (R*. 
PCR) was used for detection of cdk2 kinase messenger RNA-pos 
tive cells in the graft coronary arteries". The cdk2 kina* 
mRNA-expressing cells were observed in the thickened intima t 
the allograft arteries at day 14 after transplantation, but not I 
the normal coronary arteries of untransplanted hearts or ls< 
grafted hearts. 

The antisense method is an innovative and attractive stratej 
to block the transcription or translation of specific genes". Tr 
HV7-liposome method, in which liposome packaged ODN 
coated with inactivated HVJ, has been demonstrated to increa* 
efficiency of cellular uptake of ODN (ref. 15). To clarify the efl 
cacy and stability of gene transfer to heart grafts using ti 
HVJ-liposome method, fluorescein tsothiocyanate (FITCH 
beled scrambled ODN was transacted into murine cardiac all 
grafts. HVJ-liposome complex-coated ODN was infused into tl 
coronary arteries of the harvested donor hearts which were ino 
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Hg. 1 o^The result of /nv/wtransfection of FITC-labeled ODN Transfers 
FITC-labeled phosphorothioate ODN using the HVJ method "resulted £ 
widespread distribution of fluorescence in medial vascular and myocardla 
cells at 14 days after transfection. (Original magnification, 4-mo/> W 
Allograft arteries at day 30 after transplantation, b and * Coronary arte' 
fes stained with £vC to demonstrate intirnal thickening. Antlsense ODN 
transection (c> limited intirnal thickening, whereas untransfected arteries 
<o) show severe intirnal thickening, d and e, VCAM-1 expression revealed 
by immunohfstochernlstry. / and g, Cdk2 kinase mRNA expression de- 
totted by m situ KT-PCR. d and f, Allograft arteries from mice treated da lly 
wjtn FK506 alone; e and care those transfected with antlsense cdk2 kinase 
ODN plus the FK506 treatment. Cdk2 kinase and VCAM-1 were stronqlv 
and diffusely expressed In the thickened intlma of the allograft arteries from 
recpients without ODN transection, whereas their expressions were weak 
m the allografts transfected with the antlsense OON. (Origrnal magnifka- 



bated for 10 ruin on ice, and then the donor hearts were trans- 
planted into recipient mice. At 14 days after transfectlon, wide- 
spread distribution of fluorescence In cell nuclei of the medial 
vascular smooth muscle cells and myocardial cells was observed 
{Fig, la). However, these findings were not observed at day 30 
This was similar to results seen in rat carotid arteries" and other 
organs" transfected with FITC-labeled ODN. 

To test the effect of antlsense cdk2 kinase ODN on the inhL 
bition of arterial neointimal formation, we performed in vivo 
gene transfer of the OON into murine cardiac allografts using 
the HVJ-liposome method. Sense cdk2 kinase ODN and scram- 
bled ODN transfers were made for comparison. Control allo- 
grafts received no ODN transfer. The sequences of ODN against 
human cdk2 kinase used in this study are described elsewhere" 
Donor hearts were infused with 0,2 ml HVJ-liposome complex 
solution from the descending aorta; the hearts were then im- 
mediately transplanted into recipients". FK506 was adminis- 
tered to the recipients to suppress acute cellular rejection as 
mentioned above, and allografts were removed at day 30 or 60 
We have already shown that this amount of daily FK506 is ef- 
fective in suppressing acute rejection of transplanted hearts in 
this combination of mice for a prolonged period of time; how- 
ever, heavy intirnal thickening of coronary arteries develops 
within 60 days 18 . Serial sections were stained with Elastica van 
Gieson (EvG). The lumen, occluded by intirnal thickening of 
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the arteries, was analyzed using a computer-assisted digitizer 
and the percentage of intirnal thickening was calculated as de- 
scribed before 1 *. 

As shown in Table 1, intima of allograft coronary arteries were 
thickened in the mice treated with FK506 alone at day 30 after 
transplantation (Fig. lb). The arteries with sense cdk2 kinase 
ODN or scrambled ODN treatment had thickened intima indis- 
tinguishable from those in the group treated with FK506 alone 
However, treatment with antlsense ODN to cdk2 kinase dramas 
ically reduced arterial intirnal thickening (Fig. lc) (P < 6 OS vs 
other groups) at day 30. All allografts kept beating for more than 
30 days; limited myocardial cell infiltration was observed, and 
rejection scores did not differ among the groups. 

The process of inflammatory cell emigration into tissues in- 
volves the expression of adhesion molecules on the endothe- 
lium. Transendorhelial migration and positioning further 
contribute to smooth muscle cell proliferation. The expression of 
vascular cell adhesion molecule (VCAM)-1 on the vascular en- 
dothelium increases in conjunction with atherogenesis 20 
Therefore, the expression of VCAM-l provides a molecular 
marker for early arteriosclerosis in chronic cardiac rejection 
VCAM-1 was strongly and diffusely expressed in the thickened 
intima of the allografts from the recipients with FK506 alone, 
scrambled ODN, or sense cdk2 kinase ODN, whereas the expres- 
sion was weak in the allografts from mice that received antlsense 
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TabJe 1 Pathological findings of allografts at day 30 



Treatment 


No. of 


No. of 


Luminal 


VCAM-1 


cdk2 mRNA 


Myocardial rejection 


of allografts 


grafts 


arteries 


ocdusion(%> 


expression (0-3) 


expression (0-3) 


score (D-3) 


Antisense ODN 


9 


36 


14.3 ±5.3* 


1.0 ±0.6° 


0.5 ±0.8* 


0.4 ±0.5 


Sense ODN 


7 


28 


70.5 ±20.8 


2.3 ±0.7 


2.2 ±0.8 


0.4 ±0.5 


Scrambled ODN 


6 


26 


60.6 ± 20.6 


2.7 ±0.5 


2.2±0.7 


0.3 ± 0.5 


No ODN 


6 


26 


62.3*20.9 


2.4 ± 0.8 


2.0 ± 0.7 


0.3 ±0.5 



All allografts continued beating for 30 days. Scoring of the intensity of VCAM-1 and cdk2 kinase mRNA expression was as follows: 0 o no visible 
staining, 1 = few cells with faint staining, 2 = moderate staining, and 3 «= Intense diffuse staining. Scoring of the myocardial rejection was as follows: 
0 = no ceil Infiltration, 1 = faint and limited cell Infiltration, 2 « moderate cell Infiltration, and 3 - severe and diffuse ceil Infiltration with myocyte 
damage. The mean score derived from two Independent reviewers was employed. 
•P < 0J0S vs. other groups. 



ODN to cdk2 kinase (Fig. 1, d and <?). The expression of intercel- 
lular adhesion molecule- 1 was similarly affected (data not 
shown). The cdk2 kinase mRNA was not detected in the arteries 
of the allografts treated with antisense cdk2 kinase ODN, but was 
expressed throughout the allografts from the other treatment 
groups (Fig. 1, /"and g). 

At day 60, intima of allograft coronary arteries were thickened 
(84.1 ± 18.7 %, 21 arteries from four allografts) in the recipients 
treated with FK506 alone, whereas the treatment with antisense 
ODN to cdfc2 kinase prevented arterial intimal thickening at day 
60 (38.5 ± 19.8%, 18 arteries from three allografts, P < 0.05 vs. 
untrarisfected allografts at day 60). The effect of antisense cdk2 
kinase ODN against intimal thickening was weakened at day 60; 
retransfection of ODN may be needed for the sustained inhibi- 
tion of neolntimal formation. 

In this report, we clearly demonstrate for the first time that a 
single Intraluminal administration of cdk2 kinase antisense 
ODN results in ODN stability within the vessel wall and pre- 
vents arterial neolntimal formation. Intraluminal delivery of 
ODN during the Interval between donation and implantation 
is clinically feasible; therefore, graft arteriopathy after trans- 
plantation is potentially a good application of this gene ther- 
apy. In addition, the HVJ-liposome method markedly 
enhances the therapeutic efficiency of ODN by Increasing up- 
take, nuclear localization, and intracellular stability in the 
transplanted grafts. Further studies should be conducted in 
larger animal models to explore the clinical utility of this new 
technology for the long-term prevention of graft arteriosclero- 
sis in humans. 

Methods 

. Gene transfer to heart grafts. FITC-tabeled phosphorothioate ODN was 
provided by Grelner Japan (Tokyo, Japan). RTC was labeled on the 3 1 and 5' 
ends of the ODN (1 6 bp) using f tuoresceln-ODN phosphoramidite. Transfer 
of phosphorothioate ODN was performed using the following protocol: HV| 
complex with FITC-iabeled phosphorothloate ODN (3 u.M) was Injected 
(0.2 mty from the descending aorta of donor hearts which were then incu- 
bated for 10 min on ice. The grafts were transplanted immediately, har- 
vested at 14 or 30 days after transplantation, and stored In optimum 
cutting temperature (OCT) compound. Sections were cut (6-8 /im), 
stained with eriochrome blade T (Sigma Chemical Co.) solution, and exam* 
ined by fluorescence microscopy. 

Gene transfer complex and delivery. The sequences of ODN against 
human cdk2 kinase used In this study were antisense, S'-CAA-GTT-CTC- 
CAT-GAA-GCG-3'; and sense, 5 '-C G C-TTC-ATG -G AG - AAC-TTC- 3 ' (-6 to 
+1 2 of human sequence; these sequences do not differ for mouse and 
human cdk2 kinase). Phosphatidylserlne, phosphatidylcholine and choles- 
terol were mixed In a weight ratio of 1:4.8:2. Dried lipid was hydrafced in 
200 ji] of balanced salt solution (BSS) containing scrambled, sense or anti- 



sense ODNs. Liposomes were prepared by shaking and sonlcation. Purified 
HVJ (Z strain) was inactivated by UV Irradiation (110 erg/mnV per s) for 3 
min just before use, The liposome suspension (0.5 ml, containing 10 mg of 
lipids) was mixed with HVJ (10,000 hemagglutinating units) in a total vol- 
ume of 4 ml BSS. The mixture was incubated at 4 6 C for 5 min and then for 
30 min at 37 »C with gende shaking. Free HVJ was removed from the HVJ— li- 
posomes by sucrose density gradient centrifugation". The liposomes were 
unilamellar, and the size of the HVf-tlposome complex containing ODN was 
400-500 nm In diameter 1 *. The phosphorothloate ODN (15 jiM) was In- 
jected (0.2 ml) into the descending aorta of donor hearts just before trans- 
plantation. 

Mice and treatment. Male BALB/c (H-2 - ) and C3H/He (H-2 k ) mice (age 
4-6 weeks, 20-25 g) were obtained from Japan Charles River Laboratories 
(Tokyo, Japan). Donor BAlfi/c hearts were infused at the descending 
aorta with HVHiposome complex solution and incubated for lo min on 
ice. The hearts were then Immediately heterotopkally transplanted Into 
recipient C3H/He mice as described earlier"' 1 *. All recipients were treated 
with FK506 (Fujisawa Pharmaceutical Co., Osaka, Japan) intraperitoneally 
at a dose of 0.1 mg/kg daily because C3H/He mice without any immuno- 
suppressive treatment reject BALB/c allografts within 10 days 10 , in vivo 
gene transfer of antisense cdk2 kinase ODN (n «= 9), sense cdk2 kinase 
ODN (n = 7), and scrambled ODN (n= 6) was performed using the HVJ-II- 
posome method, and the allografts were harvested at day 30. Six mice re- 
ceived FK506 alone, and the allografts were harvested at day 30. For 
long-term observation, antisense cdk2 kinase ODN transfection (n = 3) 
and controls (no ODN transfection, n = 4) were performed; the allografts 
were harvested at day 60. 

Tissue sections. Serial sections (6-8 /an) from tissue frozen in OCT com- 
pound were stained with Elastlca van Gleson (EvG) to show the internal 
elastic lamina. The percentage of the lumen occluded by intimal thicken- 
ing was calculated by two independent observers. The sections were pho- 
tographed, blindly videodigitized and stored in an image analysis system 
(NIH Image). The area encompassed by the lumen and Internal elastic 
lamina (I EL) was traced carefully and the cross-sectional area luminal 
stenosis was calculated by the formula: luminal occlusion - (I EL area - lu- 
minal area)/IEL area". For immunohistochemlcal analysis, monoclonal an- 
tibodies to VCAM-1 (MK/2, American Type Culture Collection, RockvHIe, 
MD) and rabbit anti-rat IgG (Vector Laboratories, Burilngame, CA) were 
used. In shu detection of PCR-amplified murine cdk2 kinase mRNA was 
done according to the methods of Nuovo et of*. The cdk2 kinase 5' 
primer (nucleotides -6 to +12 of human sequences) was S'-CGC-TTC- 
ATG-GAG-AAC-TTC-3'; the 3* primer (nucleotides 340-357) was 5WVTG- 
OGA^AA-AGC-TAG-GCC-^ <ref. 11). Reverse transcription solution 
containing antisense cdk2 kinase ODN primer was applied and Incubated 
at 42 °C for 1 h. Then PCR solution was applied to the tissue sections and 
amplification clone using the following parameters: 94 °C for 1 min; 55 *C 
for 2 min; 72 °C for 1 min; 30 cycles. The digoxigenin-labeied cDNA seg- 
ments were detected by enzyme-linked immunoassay using anti-digoxi- 
genin-AP, Fab fragments (Boehringer Mannheim, Germany). An 
enzyme-catalyzed color reaction with 5-bromo~4-chloro-3-indolyl phos- 
phate (X-phosphate) and nitroblue tetrazolium salt (Boehringer 
Mannheim) produced an insoluble blue. . 
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Statistical analysis. AH pathological data are expressed as means ± s.d. 
Differences were compared using the Student's t-test. A two-sided value of 
P < 0.05 was considered statistically significant. 
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ABSTRACT To improve the efficiency of liposome- 
mediated DNA transfer as a tool for gene therapy, we have 
developed a fusigenic liposome vector based on principles of 
viral cell fusion. The fusion proteins of hemagglutinating virus 
of Japan (HVJ; also Sendai virus) are complexed with lipo- 
somes that encapsulate oligodeoxynucleotide or plasmid DNA. 
Subsequent fusion of HVJ-liposomes with plasma membranes 
introduces the DNA directly into the cytoplasm. In addition, 
a DNA-binding nuclear protein is incorporated into the HVJ- 
liposome particle to enhance plasmid transgene expression. 
The fusigenic viral liposome vector has proven to be efficient 
for the intracellular introduction of oligodeoxynucleotide, as 
well as intact genes up to 100 kbp, both in vitro and in vivo. 
Many animal tissues have been found to be suitable targets for 
fusigenic viral liposome DNA transfer. In the cardiovascular 
system, we have documented successful cytostatic gene ther- 
apy in models of vascular proliferative disease using antisense 
oligodeoxynucleotides against cell cycle genes, double- 
stranded oligodeoxynucleotides as "decoys" to trap the tran- 
scription factor E2F, and expression of a transgene encoding 
the constitutive endothelial cell form of nitric oxide synthase. 
Similar strategies are also effective for the genetic engineering 
of vein grafts and for the treatment of a mouse model of 
immune-mediated glomerular disease. 



Vector Development 

Construction of Fusigenic Viral Liposome. Although human 
gene therapy trials have been initiated, the clinical efficacy of 
these therapies has not been clearly demonstrated (1). It has 
been suggested that the limited success of current gene therapy 
trials may result in part from inadequacies of the DNA delivery 
systems (1). Improvements of viral and nonviral vector systems 
for gene therapy are being pursued actively. The development 
of novel viral vectors, such as pseudotype retrovirus vector (2), 
adenoviral vector of low antigenicity (3), and adeno-associated 
virus) vector, has been reported. More recently, the lenlivirus 
vector appears to be promising for transducing nondividing 
cells (4). Similarly, new lipid formulations designed to increase 
the efficiency of transfection are being developed (5). Other 
novel delivery systems include lipopolyamine-based gene de- 
livery (6), targeted gene delivery systems (7), and devices for 
particle bombardment (8). 

We have focused our efforts on the development of a 
fusigenic liposome that is a hybrid vector between viral and 
nonviral technologies (Fig. 1; ref. 9). Hemagglutinating virus 
of Japan (HVJ; also Sendai virus) is a paramyxovirus that is 
300 nm in diameter and contains two distinct glycoproteins 
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(hemagglutinating neuroaminidase and fusion pTotein) in its 
envelope, which are involved in cell fusion (10). This virus is 
capable of fusing with the cell membrane at neutral pH, and 
these fusion properties can therefore be exploited to facilitate 
the introduction of DNA directly into cell cytoplasm, avoiding 
lysosomal degradation. Hemagglutinating neuroaminidase is 
required for viral particle binding to receptors consisting of 
sialoglycoproleins or sialolipids; hemagglutinating neuroam- 
inidase then catalyzes the removal of sugars by its neuroam- 
inidase activity. Fusion protein interacts with the lipid bilayer 
of cell membranes to induce cell fusion. Fusion protein is 
produced in an inactive form (F0) and is activated by proteo- 
lytic cleavage to the fusion polypeptides Fl and F2, which are 
held together by a disulfide bridge. The hydrophobic region of 
Fl can interact with cholesterol to induce cell fusion. Although 
liposomes themselves have no receptors for the virus, a direct 
interaction of Fl polypeptide with lipid is likely to play an 
important role in the ability of HVJ particles to fuse with 
liposomes (11). Several attempts have been made to incorpo- 
rate DNA into the HVJ envelope itself (12) or into fusion 
products of HVJ with red blood cell ghosts (13), but these 
approaches were plagued by low trapping efficiency and/or 
low transduction efficiency. Since DNA can be efficiently 
encapsulated into liposomes (14), we turned to incorporation 
of HVJ envelope proteins into these liposomes. We first 
encapsulated DNA into liposomes consisting of phosphatidyl- 
choline and cholesterol that were prepared via vortexing or 
reverse-phase evaporation. The trapping efficiency of DNA 
into such liposomes is 10-30%, so that 400-600 molecules of 
plasmid DNA and more than half million copies of 20-mer 
oligonucleotides were enclosed into one liposome particle. We 
then fused the liposomes with UV-inactivated HVJ to form 
fusigenic viral liposomes containing DNA (400-500 nm in 
diameter). HVJ-liposomes can fuse with plasma membranes, 
and fusion is completed within 10-30 min at 37°C. This short 
HVJ-liposome incubation time is particularly suited for in vivo 
gene therapy. In contrast, gene transfer by cationic liposomes 
generally requires a much longer incubation time of 5-20 hr. 
Indeed, we have shown that exposure of rat carotid artery to 
HVJ-liposomes containing fluorescein isothiocianate-labeled 
oligodeoxynucleotides (ODNs) for 10 min results in the uptake 
of fluorescence by 30-50% of cells within the vessel wall. Other 
advantages of HVJ-liposome-mediated delivery are the intro- 
duction of molecules directly into the cytoplasm and avoidance 
of degradation in the endosome and lysosome. In fact, when 
fluorescein isothiocianate-ODN was introduced into vascular 
smooth muscle cells ( VSMCs) using HVJ-liposomes, fluores- 
cence was detected in cell nuclei within 5 min, and the 
fluorescence remained prominent in the nuclei for at least 72 



Abbreviations: HVJ, hemagglutinating virus of Japan; ODN, oligode- 
oxynucleotide; VSMC, vascular smooth muscle cell; AS, antisense; 
PCNA, proliferating cell nuclear antigen; cdc2, cell division cycle 2; 
cc-NOS, endothelial cell NO synthase. 
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is the capacity for such cointroduction of both DNA and 
proteins via their incorporation into the same particle. Indeed, 
we have recently cointroduced RNase H with antisense (AS) 
ODN for angiotensin converting enzyme in vivo into injured 
rat carotid artery. We observed that the AS effect was aug- 
mented 3-fold with the addition of RNase H (unpublished 
data). Thus, HVJ-liposomes have been useful for DNA trans- 
fer in various tissues in vivo, resulting in functional gene 
expression or gene suppression (Table 1). 

Advantages of Fusigenic Viral Liposome. Efficient transfec- 
tion of oligonucleotides, plasmid DNA, and proteins. The HVJ- 
liposome can encapsulate DNA up to 100 kbp. We have 
succeeded in transducing cosmid DNA (45 kbp) containing the 
thymidine kinase gene into cultured mouse cells (19). Re- 
cently, full-length cDNA of human Ducchene muscular dys- 
trophy gene was introduced in vivo using HVJ-liposomes, 
resulting in its expression in skeletal muscle and diaphragm of 
the mdx mouse (20). When AS ODN to basic fibroblast growth 
factor was transfected into VSMCs using HVJ-liposomes and 
compared with cationic lipid transfection or direct ODN 
transfer without any vector, the concentration of AS basic 
fibroblast growth factor required to reduce cellular DNA 
synthesis by 75% was approximately 0.1 pM, 10 jllM, and 20 
jj,M, respectively (21). Thus, the HVJ-liposome is an effective 
method for ODN and plasmid DNA transfer. Ribozymes have 
also been efficiently introduced into cells using HVJ- 
liposomes, and the vector has also been useful for the intro- 
duction of recombinant proteins IgG and IgM (ref. 20 and 
unpublished data). 

Penetration of the vector into tissues in vivo. Efficient in vivo 
transfer and expression of transgenes have been observed in 
cells of the tunica media of intact rabbit carotid arteries after 
filling the lumen with HVJ-liposomes containing the trans- 
Table 1. In vivo gene transfer by HVJ-liposome 

Organ Gene product Duration of gene expression 



Liver 






Rat and mouse 


Insulin 


7-14 days 


Rat 


Renin, HBsAg 


7 days 


Rat 


LacZ 


>4 weeks 


Kidney 






Rat 


TGF-/3, PDGF 
SV40— large tag 


7 days 


Heart 






Rat 


TGF-/3, HSP70, 


>2 weeks 




Mn-SOD, Bcl-2 


>2 weeks 


Skeletal muscle 






Mouse 


Dystrophin 


2 weeks 


Rat 


Luciferase 


>4 weeks 


Rat 


Decorin 


>2 weeks 


Artery 






Rat 


SV40, ACE, c-NOS, p21, ANP 


>2 weeks 


Rabbit 


p53 


>2 weeks 


Lung 






Rat 


TGF-/3, PDGF, LacZ 


>2 weeks 


Patellar ligament 






Rat 


LacZ 


>4 weeks 


Brain 






Rat 


LacZ 


>2 weeks 


Eye 






Mouse and Monkey 


LacZ 


>2 weeks 


Skin 






Rat 


LacZ 


7-10 days 


Testis 






Mouse 


CAT 


>8 months 



HBsAg, hepatitis B surface antigen; TGF-/3, transforming growth factor /3; PDGF, platelet-derived 
growth factor; SV4U, simian virus 40; HSP7U, heat shock proteins 70; SOD, superoxide dismulase; ACE, 
angiotensin converting enzyme; c-NOS, constitutive NO synthase; ANP, atrial natriuretic protein; and 
CAT, chloramphenicol acetyllransferase. 



DN A 'Containing 
Vortex liposomes 




with DNA 

Fig. 1. Procedure of gene transfer by HVJ-liposome. 

hr (15). In contrast, after direct transfer of fluorescein iso- 
thiocianate-ODN to VSMCs without the HVJ lipsome, fluo- 
rescence was observed in cytoplasmic compartments but not in 
the nucleus. Furthermore, the fluorescence was no longer 
detectable at 24 hr after direct fluorescein isothiocianate- 
ODN application. 

Current gene transfer methods are also limited by the low 
level of expression of the transgene. We have found that 
cointroduction of plasmid DNA with a nuclear protein, high 
mobility group-1, can enhance transgene expression in animal 
tissues (16, 17). High mobility group-1 protein is a nonhistone 
DNA-binding protein of 28 kDa. It is reported that high 
mobility group-1 is required for the bending or looping of 
DNA and for enhancing transcription by specific recognition 
of cruciform DNA (18). An advantage of the HVJ-liposome 
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gene for 10 min under 150 mmHg (1 mmHg = 133 Pa). Thus, 
in contrast to adenoviral. vectors, this vector appears to pen- 
etrate readily the intimal layer to reach the tunica media. Our 
observation that the interstilium of the tunica media is stained 
upon incubation with liposomes without HVJ containing 
Evans blue dye suggests that this penetrating ability is con- 
ferred primarily by the liposome. Subsequent cell fusion and 
intracellular delivery of DNA is mediated by HVJ fusion 
proteins. Our liposome consists of the negatively charged 
phosphatidylserine, in addition to phosphatidylcholine and 
cholesterol. The presence of this negative charge may play an 
important role in enhancing transmigration into the vessel 
wall, and we are currently varying the composition of the 
liposome to test its effect on tissue penetration. It is our 
observation that negatively charged liposomes generally do not 
work well for DNA transfer into cultured cells in vitro. How- 
ever, the converse may be true of in vivo gene transfer. 
Recently, we developed cation ic HVJ-liposomes, and com- 
pared their gene transfer efficacy with those for anionic 
HVJ-liposomes and cationic lipids (Lipofectamine; GIBCO/ 
BRL) in vitro and in vivo. Cationic HVJ-liposomes and 
Lipofectamine are much more efficient than anionic HVJ- 
liposomes for achieving lucifcrase gene expression in vitro. In 
contrast, negatively charged HVJ-liposomes are most efficient 
for in vivo transfection of liver and skeletal muscle. 

No apparent toxicity and low antigenicity. Thus far, using 
HVJ-liposomes, we have not observed significant cell damage 
in vitro, nor have we detected target organ dysfunction in vivo. 
Up to 10 10 -10" HVJ lipsome particles have been injected in 
vivo into the portal veins of 8-week-old mice without any 
detectable toxicity (22). However, the fate of the HVJ proteins 
and the virion, as well as that of the lipids, must be analyzed 
more precisely before the application of HVJ-liposomes for 
human clinical trial. Furthermore, the effectiveness of UV 
light for the complete inactivation of HVJ must be docu- 
mented carefully. 

We have also examined the antigenicity of HVJ-liposomes 
in vivo. Low titers of antibodies against HVJ could be delected 
1 week after injection of the HVJ-liposome into the portal vein 
of the rat. When HVJ-liposomes containing marker genes 
were injected into the portal veins of rats that had received a 
prior injection of empty HVJ-liposomes 7 days earlier, the 
marker gene expression was not attenuated, compared with 
rats undergoing primary HVJ-liposome transfection. Clearly, 
much more work has to be done to study the immunogenicity 
of the HVJ-liposome complex and to define the effect of 
repeated injections in vivo. 

Improvement of current vector system. The transient nature of 
gene expression is a major limitation of the current HVJ- 
liposome system. Recently, we have succeeded in achieving 
longer term gene expression in vivo using the self-replicating 
apparatus of Epstein-Barr virus (ref. 22 and unpublished 
data). A plasmid containing the Ori P sequence and the 
EBNA-1 coding region derived from Epstein-Barr virus was 
constructed, and the luciferase gene, expressed under the 
control of chicken /3-actin promotor, was cloned into this 
vector. Luciferase gene expression in cultured human cells 
(HeLa and KEK-293) increased with cell division after HVJ- 
liposome transfection with this vector. Southern blot analysis 
of episomal DNA in these cells indicated that the transgene 
replicated autonomously in the nucleus. However, this plasmid 
could not replicate autonomously in rodent cells but was 
retained in the nucleus. When this Epstein-Barr virus replicon 
vector was introduced into rat liver using HVJ-liposomes, 
luciferase gene expression was detected for >4 weeks, al- 
though the level gradually decreased. To enhance tissue- 
specific expression, the transgenes encapsulated into HVJ- 
liposomes have now been designed to be driven by cell 
type-specific promoters. We have succeeded in achieving gene 
expression in the liver by the use of the mouse albumin 



promotor or the rat pyruvate kinase promotor, and the endo- 
thelin promotor may also allow endothelial cell specific trans- 
gene expression in vivo. 

Application of Fusigenic Virus Liposome to Gene Therapy 
of Cardiovascular Diseases 

Vascular Proliferative Disease (e.g., Restenosis). AS strat- 
egy. Balloon angioplasty is one of the major therapeutic 
approaches to coronary artery stenosis. Restenosis, however, 
occurs in 30-40% of patients after angioplasty. A major 
component of restenosis is neointimal hyperplasia, which is 
characterized primarily by abnormal growth and migration of 
VSMCs. Multiple growth factors are involved in the stimula- 
tion of VSMC growth. Cell cycle progression to cell division is 
ultimately regulated by cell cycle regulatory genes. We have 
therefore developed a strategy to inhibit abnormal growth of 
VSMC in vivo by suppressing the expression of cell cycle 
regulatory proteins. Indeed, we reported that the combination 
of AS ODN against proliferating cell nuclear antigen (PCNA) 
and cell division cycle 2 (cdc2) kinase inhibited serum- 
stimulated VSMC proliferation in vitro (23, 24). Similarly, the 
combinations of AS cdc2 kinase/AS cyclin Bl and AS cdc2 
kinase/AS cyclin-dependent kinase 2 completely inhibited 
serum-stimulated DNA synthesis. Since neointima formation 
is initiated by an acute phase of medial smooth muscle cell 
replication, we transfected AS ODN to PCNA and cdc2 kinase 
via HVJ-liposomes into balloon-injured rat carotid arteries in 
vivo. As shown in Fig. 2, neointima formation was completely 
inhibited for 2 weeks after AS ODN transfer, and the inhib- 
itory effect was sustained up to 8 weeks after a single trans- 
fection. However, no inhibitory effect was observed after 
transfection with control sense ODN. Combinations of AS 
ODN with cdc2 kinase/cyclin Bl and AS with cdc2 kinase/ 
cyclin-dependent kinase 2 also resulted in suppression of 
neointimal hyperplasia in this experimental model of vascular 
proliferative disease. 

Transcriptional factor decoy strategy. The transcriptions of 
PCNA, cdc2 kinase, and c~myc and c-myb protooncogenes are 
activated by a common transcriptional factor, E2F. In quies- 
cent VSMCs, E2F forms a protein complex with retinoblas- 
toma gene product, RB. Upon growth stimulation, the RB 
protein is phosphorylated, and E2F is subsequently released 
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Fin. 2. Long-term suppression of neoinlima formation by AS-cdc2 
kinase and AS-PCNA. Uninjured rat carotid artery {Upper Left), 
injured rat carotid artery without protein-liposome {Lower Left), 
injured rat carotid artery treated with protein-liposome containing 15 
u.M sense ODNs for both molecules {Upper Right), and injured rat 
carotid artery treated with protein-liposome containing 15 fxM AS 
ODNs {Lower Right) were shown. At 2 weeks after transfection, rats 
were killed and vessels were fixed with 4% paraformalehydc. 
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from the complex. E2F then binds to the promoter region of 
the above cell cycle genes and activates their transcription. The 
consensus sequence TTTCGCGC is the binding site for E2F. 
Our strategy for inhibition of cell proliferation is the intracel- 
lular delivery of double-stranded ODN containing the TT- 
TCGCGC sequence to act as a decoy to trap the released E2F 
(25). We synthesized a 14-mer as well as a 30-mer double- 
stranded ODN containing the consensus sequence and dem- 
onstrated that both are effective E2F based on competitive 
gel-shift assay. Using HVJ-liposomes, E2F decoy ODN was 
then introduced into cultured VSMCs, and it completely 
inhibited serum-stimulated growth. This growth inhibition was 
accompanied by reductions in PCNA and cdc2 kinase levels in 
these VSMCs. In contrast, mismatched decoy showed no 
inhibitory effect. 

Based on these in vitro results, we examined the effect of E2F 
decoy on the prevention of neointimal hyperplasia in vivo. E2F 
decoy was transduced into balloon-injured rat carotid arteries 
using HVJ-liposomes. Our results demonstrated a marked 
suppression of neointimal formation at 2 weeks after balloon 
injury. In contrast, mismatched, scrambled, or progesterone 
responsive element decoy had no effect on neointimal devel- 
opment. Interestingly, we observed that a single administration 
of E2F decoy resulted in a sustained inhibition of neointimal 
formation up to 8 weeks after the treatment. 

Gene transfer approach. Using HVJ-liposomes, we also 
attempted to inhibit neointimal formation by plasmid DNA 
gene transfer (26). Several studies had suggested NO could 
inhibit neointimal formation. For example, NO inhibited 
VSMC growth and migration in vitro. Systemic administration 
of a NO synthase inhibitor accelerated atherosclerotic lesion 
formation and impaired vascular reactivity. We therefore 
postulated that overexpression of endothelial cell NO synthase 
(ec-NOS) is an effective gene therapeutic strategy. Accord- 
ingly, we transfected balloon-injured rat carotid arteries with 
an expression vector containing the ec-NOS gene. 

Four days after HVJ-liposome-mediated ec-NOS gene 
transfer into injured rat carotid arteries, significant levels of 
ec-NOS protein expression were detected. Consequently, NO 
production in the injured artery was enhanced by ec-NOS gene 
transfer. Two weeks after ec-NOS gene transfer, histological 
analysis revealed a 70% reduction in neointimal area as 
compared with the nontransfected injured artery (26). In 
contrast, no inhibition of neointima formation was observed in 
injured vessels undergoing control vector transfection. Since 
NO has multiple effects on the vessel wall, including vasore- 
laxation, inhibition of platelet aggregation, prevention of 
leukocyte adhesion, and suppression of VSMC growth and 
migration, we propose that our strategy to augment NO 
production may be an effective and practical approach to the 
gene therapy of restenosis. 

Another important consideration for the therapy of reste- 
nosis is reendothelialization of the injured artery. Although 
several factors are known to stimulate endothelial cell growth, 
we have recently found that hepatocyte growth factor is a more 
potent accelerator of endothelialization than either vascular 
endothelial cell growth factor or basic fibroblast growth factor. 
In addition, unlike basic fibroblast growth factor, hepatocyte 
growth factor does not stimulate VSMC growth. We are 
therefore developing a strategy to prevent restenosis via the 
inhibition of VSMC growth using an AS, decoy, or NOS gene 
transfer approach in combination with the stimulation of 
endothelial cell growth by hepatocyte growth factor gene 
transfer. 

Genetic engineering of vein grafts resistant to atheroscle- 
rosis. Saphenous vein grafts are the most commonly used 
bypass conduits for the treatment of occlusive vascular disease. 
However, up to 50% of vein grafts fail within a period of 10 
years, primarily as a result of accelerated graft atherosclerosis. 
When grafted into arteries, veins are subjected to increased 
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intraluminal pressure and undergo adaptive wall thickening. 
This thickening, however, involves neointimal hyperplasia, and 
this neointimal layer is believed to form the substrate for the 
aggressive atherosclerotic disease that eventually causes graft 
failure. We therefore hypothesized that a cytostatic strategy to 
prevent the hyperplastic response to the acute injury of 
grafting would redirect the biology of vein graft adaptation 
away from neointimal hyperplasia and toward medial hyper- 
trophy (27). Rabbit jugular vein was isolated and transfected 
with AS ODN against PCNA and cdc2 kinase using HVJ- 
liposomes. The transfected vein was then grafted into the 
carotid artery. Neointima formation inhibited in the AS ODN- 
treated vein grafts for up to 1 0 weeks after surgery. In response 
to cell-cycle arrest with AS ODN, the genetically engineered 
vein grafts developed hypertrophy of the medial layer. When 
the rabbits were fed a high-cholesterol diet, accelerated ath- 
erosclerotic changes, characterized by plaque formation and 
macrophage infiltration, developed in the untreated and con- 
trol ODN-treated grafts. In contrast, neither plaque formation 
nor significant macrophage infiltration was observed in any of 
the AS ODN-treated grafts, despite cholesterol feeding. These 
results establish the feasibility of developing genetically engi- 
neered bioprostheses that are resistant to failure and better 
suited to the long-term treatment of occlusive vascular dis- 
eases. 

Treatment of glomerulosclerosis. We have also used E2F 
decoy oligonucleotide to ameliorate the changes seen in an 
animal model of mesangial proliferative nephritis. Injection of 
anti-Thy-1 antibody, which specifically injures glomerular mes- 
angial cells, results in a proliferative glomerular lesion. We 
demonstrated that intrarenal arterial perfusion of HVJ- 
liposome complexes containing 14-mer E2F double-stranded 
decoy ODN inhibited anti-Thy-1 -induced mesangial cells pro- 
liferation, as documented by BrdUrd incorporation and total 
glomerular cell counts. Furthermore, this decoy treatment 
prevented histopathologic changes in the glomeruli that closely 
mimic the mesangioproliferative nephritis seen in IgA ne- 
phropathy and in some forms of focal glomerular sclerosis. 

Future Direction 

The fusigenic viral liposome appears to be an effective tool for 
gene transfer and therapy. Our current system is an HVJ- 
liposome complex, but other viral fusion proteins may be 
applicable. In addition, in forming fusigenic liposome com- 
plexes, purified or recombinant fusion polypeptides may be 
used instead of the entire viral envelope. Since the system is a 
hybrid between viral and nonviral vectors, safety issues must be 
considered. It will be necessary to test the safety of UV- 
inactivated HVJ itself, as well as the safety of the liposome and 
the immunogenicity of the HVJ-liposome complex. HVJ- 
liposomes may be useful for short-term and local gene therapy. 
Modifications of this system will be necessary to permit high 
levels of stable expression of the transgene for clinical therapy. 
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Molecular genetics has greatly increased the 

understanding of diseases in which there is a 

single gene defect such as cystic fibrosis. 

Discovering the gene responsible and its function 
not only helps determine the pathogenesis of the 

disease but also offers a possible treatment— gene 

therapy. Polygenic disorders such as diabetes may 

soon yield their secrets to the same approach. Animal models of genetic diseases 

are proving useful research tools, and transgenesis has made xenografting possible. 

Furthermore, antisense technology allows specific inhibition of undesirably 

overexpressed genes such as those driving unwanted vascular cell proliferation and 

restenosis after angioplasty. The completion of the human genome project should 

make the search for "disease" genes much quicker and will increase still further 

the importance of these gene based approaches toward diseases. 
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Introduction 



If you think that splicing is a carpentry technique 

or that a knockout is the end of a politically 

incorrect sporting contest you should read on. 

Indeed, even if you are one of the many doctors 
who knows that it is now routine to identify genes 
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and manipulate their expression, the hazier details 
may be clarified by this article. My aim is to set 
out important genetic approaches toward 

understanding disease and introduce how advances in biomedical science may 
affect medicine in the next 15 years or so. Genetic terms are explained in the 
glossary. In my next article I will cover cellular approaches. The objective of 
subsequent articles in this series will be to foresee how modern science will 
impinge on the prevention, diagnosis, and treatment of common disease processes 
such as coronary heart disease, hypertension, and lung cancer. 

: Molecular genetics 

Modern molecular techniques have revolutionised 

attempts to understand the pathogenesis of single 

gene disorders such as cystic fibrosis. The 
discovery of abnormal alleles seems almost 

routine, and the potential rewards of "finding the 

gene" are great. In cystic fibrosis the 

transmembrane conductance regulator (CFTR) is 

inactivated by various mutations. Discovering the gene gave an insight into 
pathogenesis-it was quickly realised that CFTR is an epithelial cell surface chloride 
transporter, which explains known defects in ion transport across epithelia in 
patients with cystic fibrosis. Secondly, there was a ready made candidate 
treatment-transfer to diseased tissue of the complementary DNA (cDNA) of the 
normal CFTR gene which can then be used by the cells to produce normal protein 
(see below) and reconstitute chloride transport. 

Molecular geneticists have made remarkable contributions to the understanding of 
single gene disorders. Some studies have taken the candidate gene approach- 
scientists make an educated guess that a well characterised allele lies at or close 
to a disease locus. More usually, investigators undertake painstaking linkage 
analysis of DNA specimens from affected families. They seek to associate carefully 
documented cases of disease with particular chromosomal "landmarks" and then 
aim to find the gene in a relatively short segment of DNA. This positional cloning 
approach has been greatly facilitated by a comprehensive map of microsatellites- 
regions of DNA that vary greatly in their sequence between individuals but which 
occupy identical chromosomal positions. 

Once a gene is mapped to a particular section of DNA various strategies can be 
used to speed the hunt for the gene among the millions of nucleotide bases in 
non-coding "junk" DNA, which constitutes up to 90% of the human genome. For 
example, help may come from the growing map of expressed sequence tags, a 
library of partially sequenced cDNAs obtained from unselected mRNAs. 
Furthermore, large chunks of chromosomal DNA can be handily stored, 
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manipulated, and screened by being incorporated into a library of yeast artificial 
chromosomes that contain overlapping segments of human DNA-so called contigs 
(fig 1). However, positional cloning may still be difficult. It took years to find PKDl 
the gene responsible for most cases of autosomal dominant polycystic kidney 
disease, because it was hidden in a cluster of similar genes on chromosome 16. 
Such difficulties may be removed by the mapping of the human genome. 
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Fig 1 Assembling a contig of genomic DNA 
in a yeast artificial chromosome (YAC) 
library. Genes which map close to marker H 
may be found in YACs 2, 3, or 4 



Bolstered by success with uncommon single gene disorders, molecular geneticists 
are turning to major causes of ill health and premature death such as coronary 
heart disease, hypertension, and diabetes mellitus. These disorders cluster in 
families but exhibit polygenic inheritance, expression of the disease phenotype 
apparently depending on the interaction of several genes, which may in turn 
interact with environmental factors. Genome screening is now feasible thanks to 
automated techniques and microsatellite markers, but such linkage studies require 
careful interpretation. One aim of linkage studies is to help determine pathogenesis 
by identifying gene products involved in disease. However, we will need a strong 
ethical framework with which to handle the knowledge that a particular gene is 
associated with increased risk of a serious disorder. Telling someone glibly that 
they have a fivefold increased risk of early death from coronary heart disease may 
not be ideal. 
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Gene transfer and gene therapy 



Gene transfer is a simple and attractive concept 

(fig 2). All you need to do is take a piece of DNA 

that encodes for the desired protein and transfer 

it to a cell. The cell then transcribes the gene and 
translates the resulting mRNA to generate 
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Conclusions 



protein. It is easy to appreciate why gene transfer 
is causing so much excitement. Firstly, 
transferring human genes to simple organisms or cell lines allows production of 
large amounts of "therapeutic" proteins such as erythropoietin. Secondly, there is 
enthusiasm for using gene transfer to patients to treat disease-so called gene 
therapy. For example, it is hoped that normal epithelial function and defence 
against infection may be restored in the airways of patients with cystic fibrosis by 
transferring the normal CFTR gene. 
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Fig 2 Principles of gene transfer. cDNA for 
a protein foreign to the host cell is 
incorporated into a DNA vector, which is 
then introduced or "transfected" into cells. 
The cDNA will be transiently expressed 
before being eliminated. However, 
occasionally vector DNA incorporates into 
cellular DNA, and these stably transfected 
cells can be selected in experimental 
settings 



However, behind the simple concept lies a large and incomplete body of knowledge. 
A functioning gene is not merely composed of the encoding DNA sequence (fig 3). 
Upstream of the site at which gene transcription is initiated there is a promoter 
region of DNA sequences that bind nuclear proteins called transcription factors. 
These factors regulate the initiation of transcription. Indeed successful elongation 
and processing of a gene transcript may require coordinated action of many pieces 
of genomic DNA which are not expressed in the final mRNA transcript. Therefore, 
although a cDNA can be "read" to generate a full length mRNA and protein, gene 
transfer will not work unless the cDNA is combined with elements designed to 
drive transcription. These are usually provided by incorporating the cDNA into a 
vector-a piece of DNA which is derived from a virus and which bears powerful 
promoter sequences which will bind host cell transcription factors and allow high 
level expression of the transferred cDNA. 



Fig 3 Control of gene expression. Transcription of DNA by 
a multiprotein complex with RNA polymerase activity is 
regulated by binding transcription factor proteins just 
upstream (or 5') of the open reading frame of the gene. 
RNA arising from introns is spliced out to yield mature 
mRNA which arises from the exons of the gene by means 
of the "cut and paste" process shown. The capacity of 
mRNA to be translated by ribosomes can be regulated by 
RNA sequences in the 3' untranslated region downstream 
of the trinucleotide stop codon which halts translation 
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Both the art and science of gene transfer revolve around which vectors to use and 
how to get them into the cells of interest. In gene therapy it is important that the 
vector must not cause adverse effects such as immune or inflammatory reactions, 
expression in the wrong tissue, or, worse, spread to other people. 

Inhibiting gene expression may also be therapeutic 

Techniques designed to transfer cDNA constructs 

into cells can also be exploited to interfere with 

gene expression by administering antisense 

oligonucleotides (fig 4). These consist of 20 or so 
nucleotides synthesised in a sequence which 

complements the mRNA of interest. The 
oligonucleotides bind the mRNA and prevent 
translation of the protein. Antisense oligonucleotides can be administered in vivo 
and have great promise in treating disorders of cell proliferation. For example, the 
fibrocellular intimal hyperplasia underlying restenosis of atheromatous vessels after 
successful angioplasty can be blocked by antisense to the gene c-myb, which 
encodes a nuclear protein essential for cell division. However, because antisense 
strategies don't always work there is growing interest in using ribozymes, enzymes 
which specifically recognise and degrade particular mRNAs. Although antisense 
strategies might lack the glamour of gene therapy, the ability selectively to turn off 
gene expression may prove particularly important in medicine. 

Fig 4 An antisense oligonucleotide 
prevents translation of an m 

RNA 
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Knockout and transgenic technologies 



Perhaps the best test of a gene function is 

provided by manipulating the genome of 

experimental animals. This is easiest in mice 
because scientists can now culture 



undifferentiated but pluripotential murine 
embryonic stem cells. Genetically altered 
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embryonic stem cells can be microinjected into 1 ■ 

early embryos so that the manipulated cells contribute to all cell types of the 
resulting chimera, including germ line cells. Breeding these "founder" mice 
produces individuals carrying one copy of the altered gene and one normal copy 
(heterozygotes) or mice carrying two altered copies (homozygotes). 

This technique has proved particularly useful in generating models of disease in 
which there is a genetic "loss of function." So called knockout mice are created by 
means of homologous recombination and targeted mutagenesis, techniques by 
which the gene of interest is inactivated by swapping the normal DNA for a similar 
DNA construct with a mutation. The DNA "plugged in" to the embryonic stem cell 
genome also contains a selection element such as a neomycin resistance gene so 
that cells bearing the desired mutation can be selected prior to injection into 
embryos because the knockout cells can propagate in otherwise toxic neomycin. 

Knockout mice can also be used to model the consequences of somatic mutations 
which arise after birth and are believed to be particularly important in 
carcinogenesis. Mice deficient in the tumour suppressor gene p53 \n the germ line 
are models of human Li-Fraumeni syndrome, developing multiple tumours because 
of defects in deletion of cells in which ionising radiation causes somatic mutations 
which activate tumour promoting genes. Indeed, somatic mutations inactivating p53 
contribute to the pathogenesis of about a third of tumours. It will soon be possible 
to model such mutations by exploiting new techniques that allow you to switch on 
gene inactivation in particular cell lineages at will. 

Transgenic technology, in which a normal gene is overexpressed for investigative 
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purposes, preceded embryonic stem cell techniques and can be used in animals 
other than mice. However, transgenesis without embryonic stem cells is much 
more hit and miss because it relies on chance incorporation of DNA injected into 
early embryos. Nevertheless, the technique works, and the most dramatic practical 
application of transgenesis may prove to be in xenografts-transplants from animals 
to man. Normally, pig kidneys are rejected rapidly by primates because the 
recipient has high titres of antibodies which react with the glycoproteins on the 
surface of pig cells, especially endothelial cells lining the vasculature of the graft. 
Antibody fixation leads to complement activation, endothelial injury, thrombosis, 
and graft loss-so called hyperacute rejection. However, these phenomena are 
suppressed if the transplanted pig tissue overexpresses human cell surface 
proteins that regulate the activation of the complement system. Therefore pigs 
transgenic for complement regulatory proteins could be used as a source of organs 
for human transplantation. Nevertheless, apart from ethical and safety 
considerations, xenografts may prove susceptible to long term immunological injury 
by T cells rather than complement. 

i> Molecular microbiology 

Lastly, genetic approaches are proving important 

in infectious and parasitic diseases. By applying 

modern molecular genetic techniques to the study 

of microbial pathogenicity and to host resistance 

susceptibility, new insights are being gained into 
treatment and prevention, by vaccination and 

other strategies. For example, the particularly 

challenging problem of severe malaria due to Plasmodium falciparum, which resists 
both treatment and attempts at prevention by vaccination, is being addressed by a 
two pronged genetic approach. Firstly, a yeast artificial chromosome and expressed 
sequence tag map (see above) of the P falciparum genome is being constructed to 
speed up molecular analyses of potential targets in the parasite for treatment and 
vaccines. Secondly, attempts are being made to identify human genes which 
determine deleterious or advantageous responses to infection. Together these 
approaches could yield new vaccine candidates and new treatments. 



Glossary 

Allele-One of two or more alternative forms of a gene which occupy the 
same locus (position) on a particular chromosome. Homozygotes bear 
identical alleles at two corresponding loci on a pair of chromosomes; 
heterozygotes have two different alleles. 

Complementary DNA (cDNA)-A DNA copy made from a messenger RNA 
template which is transcribed in a "finish to start" orientation by a reverse 
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transcriptase enzyme. When the cDNA is transcribed in the conventional 
orientation by an ordinary RNA polymerase enzyme a copy of the parent 
mRNA is produced. Consequently, cDNAs are valuable when one wants to 
mimic endogenous expression of a gene. 

DNA construct-An engineered piece of DNA, usually designed for 
incorporation into a viral based vector for expression in other cells. For 
example, a construct might incorporate a deliberately mutated cDNA such 
that an abnormal form of the corresponding protein is ultimately produced. 

Homologous recombination-Exchange of chromosomal DNA, by 
recombination or "crossing over" for another stretch of DNA which is 
homologous or similar. However, in gene manipulation experiments the 
replacement DNA has been subtly altered to affect the properties of the 
transcribed/translated product. 

Positional cloning-Aims to identify the locus and the gene responsible for a 
particular disorder/protein relative to mapped markers, usually 
microsatellites. This is determined by linkage analysis which assesses the 
frequency with which a particular marker cosegregates with the 
disorder/protein in families. Because there may be crossing over of DNA 
between a pair of chromosomes the further a gene is from a marker the 
lower the chance of cosegregation. Cloning involves sequencing the gene in 
its entirety, usually in overlapping segments. 

Targeted mutagenesis-A powerful technique in which particular bases in 
DNA are deliberately mutated to alter the properties of the mRNA resulting 
from DNA transcription by RNA polymerase. In turn this can alter the amino 
acids in the encoded protein, truncate the protein, or prevent protein 
expression altogether. 

Transcription factors-Proteins which bind "promoter" regions of DNA 
upstream of the sequences which encode mRNA, thereby leading to 
assembly of an RNA polymerase and transcription of the gene. 

Yeast artificial chromosomes (YACs)-Can accommodate long stretches of 
foreign DNA and act as storage vessels which can be propagated in yeast 
cells in culture. 



Conclusions 



The potential power of genetic approaches to 

disease is already great. My next article will deal 

with the rapidly evolving discipline of molecular 

cell biology. The tools described above are being 
used to investigate many different disorders. 

Furthermore, the importance of genetic 

approaches may redouble with the anticipated 

success of the human genome project. Watch this 



T.PP 

Abstract 



Introduction 




*■ Gejiejransfer and .gene... 

Inhibiting gene^ expressjoiimayj^ 



Knockout and transgenic... 
Mplccylar. microbiology 



• Conclusions 



space. 



http://bmj.bmijournals.com/cgi/content/full/31 4/7074/1 26 



2005/03/23 



Sciepce, medicine, and the future: Molecular genetic approaches to understanding disea... 9/9 ^— v 



Rapid Responses: 

Read all Rapid Responses 

alarm over animal models 

Alfred N Jackson 

bmj.com, 10 Sep 2004 [Fun text] 



This article 

► Abstract tree 

► Respond to this article 

► Read responses to this article 

► Mejrtjne„.whenjth^ 

► AJert_me„wh_e^ 

► Alert me when a correction. is. posted 

Services 

► Em a i I this a rticle to a . friend 

► Find similar art icles in BMJ 

► Fin d similar articles in Pu bMed 

► Alert me to new issu es of th e jo u rn aj 

► Downloa d to citation m anager 

PubMed 

► PubMed Citation 

► Articles by. Say ill, J. 



Home Help Search Archive Feedback 



Table of Contents 



€> 1997 BMJ Publishing Group Ltd 





M 






)§ 






OBACCO CONTROL > OCCUPATIONAL & ENVIRONMENTAL WEDii 



http://bmj.brriijournals.corn/cgi/content/full/31 4/7074/1 26 



2005/03/23 



05- 8- 7 ; 1 3 : 57 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

Intcrnaiionnl Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



»: 

t 



(51) International Patent Classification 6 : 

A01N 37/18, 63/00, A61K 38/00, 48/00, 
C07H 21/04, C07K 1/00, 16/00, C12N 
15/00 



Al 



(11) International Publication Number: WO 95/32627 

(43) International Publication Dal*: 7 December 1995 (07.12.95) 



(21) International Application Number: PCT/US95/06742 

(22) International Filing Date: 26 May 1995 (26.05.95) 



(30) Priority Data: 
OS/250,478 
O8/37S.507 



27 May 1994(27.05.94) 
26 Junuary 1995 (26.01.95) 



US 

US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



OS/378.507 (CIP) 
26 January 1995 (26.01.95) 



(71) Applicant 0braH designated States except US): UNIVERSITY 

OF COLORADO [US/US); Office of Intellectual Resource 
and Technology Transfer, Campus Box 51. Boulder, CO 
80309-0051 CUS). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BELLGRAU. Donald 
[US/US]; 455 Fairfax Street, Denver, CO B0220 (US). 
DUKE, Richard. C. [US/US]; 934 South Josephine Street, 
Denver, CO 80209 (US). 



(74) Agent: GRECO. Valcta; Fish & Richardson KC, Suite 100, 
2200 Sand Hill Road, Menlo Park, CA 94025 (US). 



(81) Designated States: AM, AT. AU, BB, BG. BR, BY. CA, CH» 
O*. CZ, DE, DK, ES, H, GB. GE. HU. JP, KE, KG, KP. 
KR, KZ, LK, LT, LU. LV t MD, MG, MN, MW, MX, NO. 
NZ, PL, PT, RO. RU. SD t SE. SL SK, TJ. TT, UA, US. 
UZ, VN, European pateni (AT. BE, CH. DE, DK, ES, FR, 
GB, GR, IE, IT. LU, MC NL> PT, SE) f OAPI patent CPF, 
BJ, CF, CG, a, CM, GA, GN, ML, MR, NE> SN, TD, TG), 
ARIPO patent (KE, MW, SD, SZ, UG). 



Published 

With international starch report. 



(54) Title: USE OF FAS UG AND TO SUPPRESS LYMPHOCYTE^MEDIATED IMMUNE RESPONSES 
(57) Abstract 

Soluble mouse and human Fas ligand polypeptides and methods for inhibiting T4ymphocyte -mediated Immune responses, including 
Chose directed against autologous and/or heterologous tissues, eg., by a recipient mammal of a transplanted tissue, by providing the recipient 
mammal with Fas ligand. The Fas ligand may be provided to the recipient mammal by a variety of means, including by direct administration 
of the Fas ligand or by providing the gene encoding the Fas ligand to a subject such that Fas ligand is synthesized by the subject. 
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"Japanese Journal of Transplantation", extra edition 
featuring the general meeting of the Japan Society for 
Transplantation, Vol. 31, p. 180 (1996) 

47 Co-transplantation of Murine Allogenic Islets of 
Langerhans and Testicular Grafts - FasL-mediated 
Immunosuppression 

Y. Takeda 1} , M. Gotoh 2> , M. Nishihara 1} , H. Ohzato 1} , K. 
Dono 1} , K. Umeshita 1 *, M. Sakon 1} , M. Miyasaka 2) , M. Monden 1 * 

n : Department of Surgery II, Osaka University Graduate 
School of Medicine, Japan 

2) : Division of Organ Regulation, the Center for Biomedical 
Education and Research, Osaka University Graduate School of 
Medicine, Japan 

[Object] It has been indicated that the eye and the 
testis highly express Fas ligand (FasL) to induce the 
apoptosis of activated T cells so that the grafts derived 
from such organs survive over a longer period of time as 
compared with other sites. We investigated on a system of 
co-transplantation of testes and pancreatic islets whether 
or not the FasL-mediated immune mechanism as above can 
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control the rejection of orthotopic grafts. [Method] C3H, 
and C3H-gid lacking functional FasL were used as the donor 
of islets and testis grafts (TGs). C57BL/6, and C57BL/6- 
lpr lacking functional FasL were used as the recipient. 
TGs were transplanted under 1 the renal capsule and 
histological analysis was carried out with time. Then, 
islets from C3H were transplanted to the STZ-induced 
diabetic C57BL/6 or C57BL/6-lpr under the renal capsule 
thereof together with TGs from C3H or C3H-gId. [Result] 
The TGs from C3H were scarcely subjected to cellular 
infiltration and the tissues survived up to the third week 
after transplantation, whereas those from C3H-gld were 
rejected at an early stage. As for the average number of 
survival days of the islets from C3H, it was 10 ± 2 for the 
group of animals to which the islets only were transplanted 
while 16 ± 5 for the group to which the islets were 
transplanted together with the TGs from C3H , a significant 
prolongation of survival having been thus observed in the 
latter (p<0.01). With respect to the group to which the 
TGs from C3H-gid were co-transplanted along with the islets 
from C3H, the average number as above was 11 ± 3 and, 
accordingly, the survival of the transplanted islets was 
not prolonged. In addition, co-transplantation of the 
islets from C3H and the TGs from C3H to the C57BL/6-Ipr did 



3 

not result in a significant prolongation of survival. 

[Conclusion] The rejection of the transplanted 
pancreatic islets was suppressed by transplanting the 
islets together with testis grafts. It is inferred that 
the mechanism of such suppression is relied upon a reaction 
mediated by FasL on the grafts and Fas on the recipient. 
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